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pressure vessel, comprising: 
an inner shell capable of serving as a gas barrier and a pressure resistant outer shell 
provided to cover th^inner shell, which said outer shell is made of an FRP/:omprising 
reinforcing fibers anci\a resin and of 35 GPa or more in tensile modulus and 1.5% or 
more in tensile breakingvstrain. 

2. A pressure \^ssel of claim 1 characterised in that the inner shell is made 
of a metal, resin or FRP. 

3. A pressure vessel of claim 1 characterised in that the inner shell has a gas 
barrier layer formed on the insiqe surface and/or outside surface. 

4. A pressure vessel of claim 1 characterised in that the inner shell has a 
body portion, on which a reinforcing: layer made of an FRP is formed. 

5. A pressure vessel of claiflj 1 characterised in that the outer shell is 35 GPa 
or more in tensile modulus and 1.7% orVnore in tensile breaking strain. 

6. A pressure vessel of claim 1 Characterised in that the outer shell is 35 GPa 
or more in tensile modulus and 2.0% or more in tensile breaking strain. 

7. A pressure vessel of claim 1 characterised in that the reinforcing fibers 
comprise carbon fiber yams of 4.5 GPa or more\in strand tensile strength and 2.0% or 
more in strand tensile breaking strain. 

8. A pressure vessel of claim 1 characterised in that the reinforcing fibers 
comprise carbon fiber yams of 5.5 GPa or more in st^nd tensile strength and 2.0% or 
more in strand tensile breaking strain. 

9. A pressure vessel of claim 7 pHT characterised in that the reinforcing 
fibers comprise carbon fiber yams of 0.30 or less in oxyge^ ratio at surface and 0.02 
or more in nitrogen ratio at surface. 

10. A pressure vessel of claim 1, §-e^characteriseckin that the outer shell 
comprises a layer of reinforcing fibers arranged, with reference to the axial direction 
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of the pressure vessel, at an angle within a range from ±5° to ±50° and a layer of 
reinforcing fiofexs arranged at an angle within a range from ±75° to ±105°. 

11. A pressure vessel of claim 1,- 5 - or characterised in that the outer shell 
comprises a layer of reihforcing fibers arranged, with reference to the axial direction 
of the pressure vessel, at an angle within a range from ±0° to 15°, a layer of reinforcing 
fibers arranged at an angle withm a range from ±75° to ±105° and a layer of 
reinforcing fibers arranged at an angl^swithin a range from ±30° to ±60°. 

12. ASpressure vessel of claim 10 characterised in that the volume ratio of 



\ reinforcing fibers the layers of reinforcing fibers arranged, with reference to the axial 
direction of the pressure vessel, at an angle within a range from ±5° to ±50° : that in 
/ the layer of reinforcinikfibers arranged at an angle within a range from ±75° to ±105' 
is in the range of 1.0 : 1.6^2.0. 

IS*- A pressure vessel of claim 11 characterised in that the volume ratio of 
~ Vreinforcing fifrs^s in the layers of reinforcing fibers arranged, with reference to the axial 
V^ro direction of the pre^re vessel, at an angle within a range from ±0° to 15° : that in the 
layer of reinforcing fibe^Ssarranged at an angle within a range from ±75° to ±105° 
that in the layer of reinforcing fibers arranged at an angle within a range from ±30° to 
±60° is in the range of 1 : 1.5-2.5 : Oi5fcl.2. 

14. A process for producing a pressure vessel characterised in forming, by 
20 a filament winding method or a tApe winding method, a pressure resistant outer shell, 

around an inner shell capable off serving as a gas barrier, said outer shell is made of an 
FRP comprising reinforcing fibers and a resin and is 35 GPa or more in tensile modulus 
and 1.5% or more in tensile/Dreaking strain. 

15. A process fjr producing a pressure vessel of claim 14 characterised in 
25 that the outside sur&Qe^tff the inner shell is roughened, prior to the filament winding 

method or the tapp^Min^method. 

16. A process Vor producing a pressure vessel of claim 14 characterised in 
that the outer shell oomprises a layer of reinforcing fibers arranged, with reference to 
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the axial direction of the pressure vessel, at an angle within a range from ±5° to ±50° 
and a layer ofjeinforcing fibers arranged at an angle within a range from ±75° to 
±105°. / 

17. A process for producing a pressure vissel of claim 14 characterised in 
5 that the outer shell comprises a layer of reinforcing fibers arranged, with reference to 

the axial direction of the pressure vessel, at an angle within a range from ±0° to ±15° , 
a layer of reinforcing fibers arranged at an angle within a range from ±75° to ±105° 
and a layer of reinforcing fibers arranged at an angle within a range from ±30° to ±60°. 

18. A process for producing a pressure vessel of claim 16 characterised in 
10 that the volume ratio of reinforcing fibers in/the layer of reinforcing fibers arranged, 

with reference to the axial direction of the pressure vessel, at an angle within a range 
from ±5° to ±50° to that in the layer of reinforcing fibers arranged at an angle within 
a range from ±75° to ±105° is in the rangfe of 1.0 to 1.0-2.0. 

19. A process for producing a pressure vessel of claim 17 characterised in 
1 5 that the volume ratio of reinforcing fibers in the layer of reinforcing fibers arranged at 

an angle within a range from ±0° to ±15° to that in the layer of reinforcing fibers 
arranged at an angle within a range/from ±75° to ±105° to that in the layer of 
reinforcing fibers arraStged at an angle within a range from ±30° to ±60 °, with 
reference to the axial directib^pf the/pressure vessel, is within a range of 1 to 1.5-2.5 
20 to 0.2-1.2. >0\. 

20. A process for producing a preSSure vessel of claim 14 characterised in 
forming a pressure resistant outer shell having a tensile modulus of 35 GPa or more and 
a tensile breaking strain of 1.7% or more. 

21. A process for producing a pressure vessel of claim 14 characterised in 
25 forming the pressure resistant outer shell having a tensile modulus of 35 GPa or more 

and a tensile breaking strain of E.0% or more. 
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22. A process for producing a pressure vessel of clain>"f^ characterised in 
using as the reinforcing fibers carbon fiber yarns of 4.5 GP£or more in strand tensile 
strength and 2.0% or more in strand tensH^breakii^strain. 

23. A process for producing a pKli^tffesyessel of claim 14 characterised in 
using as the reinforcing fibers carbon fib^yarAs of 5.5 GPa or more in strand tensile 
strength and 2.0% or more in strancj/fensile breaking strain. 

24. \A pressure vessel of claim 1 characterised in that the pressure vessel has 
a body portion, &nd the outer shell has a layer structure of 5 or more layers around the 
body portion, the rektion between the total thickness T (mm) of all the layers and the 
number N of the layerk satisfying 0.5 < T/N < 6. 

25. A pressure vessel of claim 24 characterised in that, in said body portion, 
layers with reinforcing fibers aoop-wound and layers with reinforcing fibers helically 
wound are alternately arranged lhthe thickness direction of the outer shell. 

26. A process for producing a pressure vessel of^laim 14 characterised in 
that the outer shell is formed to have a layer structure oy5 or more layers around the 
body portion of the inner shell, and the relation between the total thickness T (mm) of 
all the layers and the number N of the layers satisfies 0.5 < T/N < 6. 

27. A process for producing a pressures vessel of claim 26 characterised in 
that layers with reinforcing fibers hoop-wojmd and layers with reinforcing fiber 
helically wound are alternately arranged in t&f thickness direction of the outer shell. 

28. A process for producing^_g^s4ure vessel of claim 26 characterised in 
that a non-twisted reinforcing fiber bundle havirig"a ratio D/t of 5 or more is used as the 
reinforcing fibers, where D is the wmth of the bundle not yet impregnated with any 
resin and t is the thickness of the b/ndle. 

29. A pi^ssure vessel of claim 1 characterised in that the outer shell 
comprises the followkg components [X], [Y] and [Z], and the component [Z] is 
localized around the component [X] appearing in a cross sectional face of the outer 
shell: 
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[X] : a reinforcing fiber bundle 
[Y] : a thermosetting resin 
[Z] : an ela^omer and/or thermoplastic resin. 

30. A pressure vessel of claim 29 characterised in that the ratio L2/L1 satisfies 
5 1/100 < L2/L1 < 1/2, whereat is the length of a straight line connecting the geometrical 

centers of two adjacent comp&ient [X], L2is the length of a portion of the straight line 
crossing the component [Z] present between the said two adjacent component [X]. 

31. A pressure vessel orsclaim 29 characterised in that the component [Z] 
comprises at least one selected frofcp the group consisting of polyvinyl acetate, 

1 0 polyamides, polycarbonates, polyacetals^olyphenylene oxide, polyphenylene sulfide, 
polyallylates, polyesters, polyamidimides, poJyimides, polyether imides, polysulfones, 
polyether sulfones, polyether ether keton^, polyaramid, polybenzimidazole, 
polyethylene, polypropylene, cellulose acetate, \^llulose butyrate, polyester based 
thermoplastic elastomers and polyamide based thermpplastic elastomers. 
15 32. A process for producing^, pressure vessel of claim 14 characterised in 

that the pressure resistant outer shpll is formed by using a yarn prepreg which 
comprises the following components [X], [Y] and [Z], which component [X] is 
impregnated with the componeijr [Y], and which component [Z] is present near the 
surfaces: 

20 [X] : a reinforcin^^l^rlpundle 

[Y] : a thermoser 

[Z] : an elastome/ and/or thermoplastic resin. 

33. A proce/s for producing a pressure vessel of claim 32 characterised in 
that the yam prepree/used has particles of the component [Z] deposited on the surfaces 
25 of the component /X] impregnated with the component [Y]. 
\ ? 34. A "bxessure vessel of claim 1 characterised in that the outer shell 
comprise s a sho,u lder^ortion,-and the innermost layer of the shoulder portion comprises 
layer with reinforcingt^bers hoop-wound. 
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35. X.pressure vessel of claim 34 characterised in that the innermost layer is 
formed by the filani^it winding method. 

36. A pressure vessel of claim 34 characterised in that the circumferential 
surfaces of the shoulder portion ofth^inner shell are formed to have steps in the axial 
direction, respectively extending in the cihsmnferential direction. 

37. A process for producing a pressure vessel of claim 14, which comprises 
providing a reinforcing layer of reinforcing fibers having a hoop-wound layer of 
reinforcing fibers and a resin, on the circumferential surface of the shoulder portion of 
the inner shell which has a body portion ar/d a shoulder portion, and forming the 
pressure resistant outer shell around the reinforcing layer and the inner shell. 

38. A process for producing a rfreskure vessel of claim 37 characterised in 
that the reinforcing layer is formedlby pn^/m^ment winding method. 

39. A process for producing a pressure vessel of claim 37 characterised in 
that the reinforcing layer is formed/by the filament winding method as an extended 
layer of the innermost layer of the jDuter shell formed on the circumferential surface of 
the body portion of the inner shg/11. 

1 

40. As, pressure vessel of claim 1 characterised in that the inner shell 
comprises a neck portion, inside which a boss for nozzle installation is provided, and 

seal ring is fitted oti the end face of the neck portion around the boss for nozzle 



installation, and a pressim^means is provided for pressing the seal ring toward the end 
face of the neck portion. 

41. A pressure vesseKof claim 40 characterised in that the pressing means 
comprises a seal ring pressing memt^er and a clamp or the pressing member. 

42. A pressure vessel of claim 40 characterised in that the pressing means 
comprises a pressing member threadedly engaged with the boss for nozzle installation. 

43. A pressure vessel of claim 40 characterised in that the pressing means 
comprises a pressing member comprising a cylindrical portion threadedly engaged with 
the neck portion, and a collar portion held in contact with the seal ring. 
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4^. A pressure vessel of claim 40 characterised in that the boss for nozzle 
installatiorKcomprises a flange portion, and the outer diameter of the pressing means 
is smaller tha\ the outer diameter of the flange portion by 1 to 10 mm. 

45. ANpressure vessel of claim 40 characterised in that the end face of the 
5 neck portion comprises an annular groove provided to have the seal ring fitted therein. 

46. A pressure vessel of claim 42 characterised in that the outer shell extends 
up to a position to cover the pressing member. 

47. A pressure^ vessel of claim 43 characterised in that the cylindrical portion 
comprises a step. 

■]g io 48. A pressure Vessel of claim 1 characterised in that the inner shell 

U> comprises a neck portion; a opss for nozzle installation is provided inside the neck 

u portion; and the surface of the boss for nozzle installation to be coupled with the neck 

5 portion has a rugged form. 

: 49. A pressure vessel ofXclaim 1 characterised in that the inner shell 

ft 1 5 comprises a neck portion; inside which\a boss for nozzle installation is provided, and 
§ "■■ the surface of the boss for nozzle installation to be coupled with the neck portion has 

O a circumferentially extending ridge. 

50. A pressure vessel of claim 49\ characterised in that additionally the 
surface to be coupled has a rugged form. 
20 51. The pressure vessel of claim 48 i»-4k characterised in that a seal ring is 

fitted on the end face of the neck portion around theN^oss for nozzle installation, and 
a means for pressing the seal ring toward the end face ofthe neck portion is provided. 

52. A pressure vessel of claim 1 characterised in that the inner shell 
comprises a neck portion inside which a boss for nozzle inWlation is provided, and 
25 outside the neck portion a cylindrical member having a collar portion, a cylindrical 
portion in succession to the collar portion and a flange portion\extending from the 
circumferential surface of the cylindrical portion into the outer shell are provided. 
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53. A pressure vessel of claim 52 characterised in that the flange portion 
extends annbjarly. 

C\)^ 54. AWessure vessel of claim 52 characterised in that a seal ring is fitted on 

v^Wend face of the n^ck portion around the boss for nozzle installation, and the collar 

'portion presses the seaNring toward the end face of the neck portion. 
* 55. A pressure\essel of claim 52 characterised in that a clamp of the 

cylindrical member, threadedly engaged with the boss for nozzle installation is 
provided outside the collar portion of the cylindrical member. 

56. A pressure vessel orclaim 52 characterised in that the collar portion is 
1 0 threadedly engaged with the boss for\pzzle installation. 

57. A pressure vessel of claimSl characterised in that the inner shell has a 
neck portion inside which a boss for nozzle^nstallation having a flange portion and a 
body portion is provided and the outer diamete\pf the flange portion is larger than the 
outer diameter of the body portion by 20 mm to 25anm, and the cylindrical portion has 

1 5 a tapered surface kept in contact with the neck portifcm. 
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